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1. INTRODUCTION

A mathematical model of the Sea King Mk 50 helicopter, as used in the ASW (Anti-
Submarine Warfare) role, has been developed by ARL to a Royal Australian Navy (RAN)
task requirement. This model, which was developed originally on a DEC System 10
computer using the simulation language "CSMP-l0(ARL)" (Refs 1-3), has been described
in general terms in Refs 4 and 5. Full descriptions of the main components, namely the
Aerodynamics/Kinematics, Control Systems, and Cable/Sonar may be found in Refs 6-11.

Assuming a basic knowledge in using the Elxsi 6400 computer, the use of the compuer
programs associated with the Sea King model is described in three user manuals. Part I
(this one) shows how to set up the model and run it in its basic modes without dunking
sonar. The model is first run in ASW mode as a means of trimming the aircraft, i.e. 'flying
to trim', and then in either ASW, ASE (Auto Stabilizing Equipment), or pilot modes to
simulate a desired manoeuvre. Part H (Ref. 12) provides a catalogue of the many flight
trials data files, shows how to access and process the flight data, and then how to run the
mathematical model with inputs obtained from the flight data. Part III (Ref. 13) shows
how to use the dunking sonar model and demonstrates the use of a cable graphics program.

Transfer of the Sea King model to the Elxsi 6400 computer in 1985 also necessitated
transfer of the simulation language. Details on retrieving the files necessary for the
modelling component of the language are therefore given here, as well as a brief outline
description of the basic structure of the language.

2. BASIC STRUCTURE OF SIMULATION LANGUAGE

CSMP-10 (ARL) is a block oriented simulation language consisting of two parts, the
modelling program BOMMP (Block Oriented Mathematical Modelling Program) and output
program TRANS (Translation). The model is expressed in coded form with the aid of
block diagrams comprising a number of linked modules, called blocks, each one
representing a particular function or operation. The language incorporates 'user-defined'
blocks written as Fortran subroutines, which enables complex mathematical processes to be
handled more conveniently. Each user-defined subroutine may reference any number of
'called' subroutines at a lower level. The Sea King model takes particular advantage of this
feature, with complete component models represented in this way.

In the coding, the model is represented by three types of statements - configuration,
parameter, and function. The configuration statements describe the blocks used and specify
the way in which they are linked together. The parameter statements specify numerical
values of parameters associated with the configuration statements, such as integrator initial

conditions, while the function statements specify the coordinate pairs used to generate a
function. The output program part of the language is capable of producing graphical and
tabular results in a variety of formats.

3. FILE RETRIEVAL FROM MAGNETIC TAPE

All the files required for compiling, binding, and running the Sea King mathematical

model, together with related programs, may be found on ARL magnetic tape M228, and are
listed in Appendix A.



To retrieve these files, a request is made to the operator for tape M228 to be mounted:I

:MOUNTTAPE M228 -W

***Fran operator at 09:57: Mag tape nomited on tape2

:TAPES

Device Status

device user Volume type density ring

tapel

tape2 M2l NSI 6250bpi No

tape3
No outstanting mnt Lvqiests for user ae.arney

Once the tape is mounted, one file may be obtainedh

:RESTORZ SAKXIMRSTERFLI/flIenama ol=W228 merge-flat seq-1

-unload +creator

If all the files in Sequence 1 are required, add the +subtrees switch:

:RESTORZ SWAXZNGASTERWILES vol=228 murge=flat seq=- -unload

+creator +subtreea

If a list of files is required, the shelifile 'READTAPE' should be restored first. This
shellfie, listed below, allows a number of files to be restored without having to repeat the
long pathname contained on the command line.

:LIST READTAPE

- - SHELIFILE TO ESTME LIST F FI E IK4 1MPE

pan file +list +req

- - Init shellvariables, 'files'-patmaie, 'cout' is a counter
set filelist '' +declaze

set count 1 +declare

set filelist [cat SENK IhAaSFES/ &

[file (count] ]] +appen4

- - Start of loop to add list of files to pathnare

label loop

set count [eval count+l]

- - If another file is there add to pathnama otherwise restore files

if (file [count]] then

set filelist [cat ",SFAKINGMOSTERFIlES/" &

[file [count]]] +append

goto loop

else

For computer terminal input included in this document, messages typed by the user are -own in bold
type.
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goto restore

end if

- - Restore files

labl restore

restore [filelist;noquote] vol=228 nerge-flat SEX=1 -unl +cre

Below is an example showing how READTAPE is used to retrieve all the files
necessary for the simuladon language modelling program BOMMP.

:.nZADaP BfIDBOMMO , BOMPLIB, CHKUWR. V, CSNPA. F, CMs. F, CSNPC .F,

DUSiR. 1, OcHmK. r, INTEG. V, MAIN2. F, PT IH.
BINDCCMW

c hlr.f

cai.f
CMF I.f

csbC.F

duser.f
fcdeck.f

integ.f

nain2 .f

pti .f

*****d**** ES SI44 HM *

U file restored.

0 files not restored.

0 directories restored.

0 directories not restored.

AlU requests wexe found on tape.

4. DERIVING THE SEA KING MODEL
The Sea King mathematical model SEAKING86 is obtained by combining the

modelling program BOMMP with the Sea King component modules. The Fortran source
files for each are:

a) Modelling Program BOMMP

CHKUPR.F - Checks for upper case letters

CSMPA.F 1
CSMPB.F BOMMP routines

CSMPC.F

DUSER.F - Dummy user subroutines

FCHECK.F - Checks if file exists

INTEG.F - Integration methods

MAIN2.F - BOMMP executive routine
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b) Sea King Component Modules

BLADIN.F - Inputs control movements from flight data

CABGEN.F - General functions required by cable model

CABLE.F - Generalized cable model

MJW6.F - Outputs specific data relating to aerodynamics module

PILOT.F 1  - Interactively accepts control movements

SKA86.F - Aerodynamics model - including interface with configuration
statements

SKC83.F - Cable model - including interface with configuration
statements

SKS86.F - Systems model - including interface with configuration
statements

VFLUID.F - Fluid velocity profile required by cable model

Where no changes are to be made to Fortran source files, the object files on M2,8 may
be used. If changes are to be made, the altered file should be compiled as shown below for
CHKUPR.F:

:IORTRAN CKUPR +166 +SM +XRNF -OPT

ELXSI MON 4.3a 04/08/86 10:31:21

0 errors in CHMR
oarpilaticn time: 0.4 CPU secords
lines per minute: 2987

real time: 27 seconds

C cPE- 1

23 lines in this cirpilation
Total errors in this ccgpilatiz: 0

The modelling program object files are first bound using the shellfile
BINDBOMMPLIB 2 to form library object files BOMMP.LIB.O and DUSER.LIB.O. The
listing and execution of BINDBOMMPLIB is as follows:

1 This module is not currently operational on the Elxsi computer.

2 If BOMMP were to be used as a stand alone simulation program, the shellfile BINDBOMMP should be

used. The listing and execution is as follows:

:LIST BINDBOMN

- - SHEL'thE TO BIND FIES NE SSARY FOR ( ETlUC B3G V

ECHO :BnI D Un.A,CSW fnBC3B, n . IT,DUSER,F C CKr, QJPR, PTIfE, bfile-=flP

BID MAIN2 CSMPA CSWB CSMPC RINT DUSER FcHOCK CMRa PT3 bfile-BCt4

:BINDB1OI

:BOIN .-LIN2 CSeW OB C SMIPC INTS3 DUSER ECHMCK OO5.PR PTIME bfile=BMB
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:LIST BINDBOMMPLIB

- - Shellfile to create Library files necessary for Sea King Math Mxbel

BO :MKSLIB IN2, CSMPA, CR4PB, CSMPC, nTEW, FUarCH, IKUPR, PTIhE, if ile-azn
WKELTh WI2 CSHPA CSVB CSMPC INT C FCHEC5 QHPR PTDE Ifile=DutMM

ECHO :MA4ELIB BUSER

MLIB BUSER

:BINDBOIOGLIB

:MMMLIB MhIN2 CSWA CSMB CSNPC 12?= EU K tWPR PTIDE file-BOM

The object files for the Sea King component modules, together with the above library
object files are then bound using the shelfile BINDSEAKING, the listing and execution of
whirh is as follows:

:LIST BnIDS3 AKNG

E :BMl BOM.LIB, SKA86,BLADIN, SN83,CBIE,C A ,VWTID, &
sSI86,JKW6,PIaO,LrI nZ-cUMlbfl6e-SEMwI36

BIM Ba4 P.LIB, SKA86,B DIN, SIC83,CRaL,CAaGr, WWID, &

SKS86,M6,PI10T LZJFILE-> E bfile-EAxmr86

:BIUDSEAKING

:BIN10 B .LIB SKA86 BLADIN SNC83 CAME CAZ VFIMJD SM86 MK6 PI]=

LIBMIE-UE bfil-GAK11Q86

5. RUNNING THE SEA KING MODEL

5.1 Standard Input Files

Whenever the model is run, the following three files, examples of which are on tape
M228, are required as input:

BOMMP.IN - Non-interactive command file for BOMMP

DATA-EL - Helicopter input data, mainly in NAMELIST form

??T?MOD - Helicopter model information in form of configuration,
parameter, and function statements - must have 5 character
name with .MOD extension

File BOMMP.IN is shown below:

:LIST BO0. IN

IG2:19ASW I
CON

PAR

FU
MMN

The CONfiguration, PARameter, and FUNction commands cause the configuration,
parameter, and function statements to be read from the model input file, which is
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19ASW.MOD in this case. The MANual command returns from non-interactive to
interactive (i.e. manual) control and allows further changes to be made to the model
statements before integration and output parameters are specified. These can all be included
in the file BOMMP.IN when running completely non-interactively, e.g. in batch, provided
the MANual command is removed.

The following three helicopter input data files are also available on tape M228, the
required one of which should be renamed DATA.HEL before running SEAKING86:

19200.HEL - 19200 lb AUW (see Appendix B)

17800.HEL - 17800 lb AUW

16600.HEL - 16600 lb AUW

For the above files, there are the following corresponding model files for ASW mode:

19ASW.MOD - 19200 lb AUW at hover (see Appendix C)

17.AS8.MOD - 17800 lb AUW at 88 kn

16ASW.MOD - 16600 lb AUW at hover

As well as being used directly with SEAKING86, these files may be converted, using
the program SKMODE, to a form suitable for either ASE or pilot mode (see Section 5.3).

5.2 Trimming in ASW mode

The achievement of steady conditions, with all time derivatives equal to zero, is defined
to be trimmed flight. Because it is generally desirable to begin any manoeuvre from this
condition, the model is run first in ASW mode for the specified flight parameters, thus
allowing the Systems component model to 'fly to trim'.. An example of this is now given.

The following flight parameters are assumed:

Aircraft AUW = 18500 lb

Aircraft forward velocity = 40 kn

From M228, the following files are retrieved and edited as indicated-

BOMMP.IN - Unchanged

19ASW.MOD - Unchanged

19200.HEL - Rename to DATA.HEL, edit parameters RHOA, SPSND,
GAMMA, GAMMAT, HMASS, A, B, CC, and HR

For sea-level, ISA conditions assumed,

Air density, RHOA = 0.002377 slug/ft3

Speed of sound, SPSND = 1116.45 ft/s

If density and speed of sound are required for a given atmospheric condition, the

program ATMOS, on tape M228, may be used (see Appendix D).

From Appendix B, where RHOA = 0.002199 slug/ft 3,

Main rotor Lock number, GAMMA = 9.95

Tail rotor Lock number, GAMMAT = 4.72
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Since Lock number is proportional to air density, then for RHOA = 0.002377 slug/ft3.

GAMMA = 10.76

GAMMAT = 5.10

Given an AUW of 18500 lb,

18500Helicopter mass, HMASS = = 575 slugs

and from Appendix E,

Roll 2nd moment of inertia, A = 14275 slug ft2

Pitch 2nd moment of inertia, B = 48375 slug ft2

Yaw 2nd moment of inertia, CC = 39150 slug ft2

Before running SEAKING86, the vertical and longitudinal aircraft centre of gravity
(c.g.) positions, CGz and COx respectively, must be calculated for the new AUW of
18500 lb. These positions are defined as

CGz = (c.g. water line)
CGx = (c.g. fuselage station) - (datum fuselage station)

where water lines and fuselage stations (in inches) are shown in Appendix F. The model
requires the c.g. positions to be input in the form of parameters HR (see Namelist AER' of
data file in Appendix B) and XCH (Blk 252 in model file -see Appendix C). HR (in feet)
is the vertical displacement of the rotor hub (water line 232) above the c.g. and XCH (in
feet) is the longitudinal displacement of the cg. forward of the datum (fuselage station
267.4 -see loading table for the ASW role, from Ref. 14, in Appendix G), i.e.

232 - CGz

CGx

XCH = -

For an AUW of 18500 lb, CGz is estimated by interpolating data supplied by Westland
Helicopters Limited, shown in Table 1:

TABLE 1

Vertical Centre of Gravity Position, CGz

AUW (Ib) CGz (inches)

15000 155
19200 143
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CGz = 155 - [ (15 -43) "'0 - 500192-0- 1-5000

= 145 inches

hR = (23212145) 7.2 ft

The Sea King Operating Data Manual (Ref. 14) provides loading tables for each of the
major aircraft roles (e.g. ASW, troop transport), which may be used to calculate CGx for a
given AUW. The loading table for the primary role (i.e. ASW with 2 torpedoes) is
included here as Appendix G. The table gives a breakdown of the weight and
corresponding pitching moment about the datum (fuselage station 267.4), for each item of
role equipment and for the fuel as it is distributed between the forward, centre, and aft fuel
tanks (while filling the aircraft, and also as fuel is used); below each component is the
cumulative effect of all precedin, components. CGx may thus be calculated by taking the
total pitching moment and dividing it by the AUW.

For this example, it is assumed the aircraft is configured as for the flight trials (Ref. 12)
i.e. ASW role, less two torpedoes, fitted with flight data acquisition package. Using
known weights and positions of the data acquisition package and two observers measured
during the flight trials,

Aircraft weight with two crew and two observers, less fuel = 14800 lb
Moment about datum for data acquisition package = - 6160 lb in

Moment about datum for two observers = - 31000 lb in

Moment of Sea King (less 2 torpedoes) about datum = + 43687 lb in

Aircraft moment less fuel = 43687 - 6160 - 31000 = + 6527 lb in.
Fuel weight = 18500- 14800 = 3700 lb

From the fuel usage section of Appendix G, 3700 lb of fuel is distributed amongst the
fuel tanks in the sequence shown in Table 2 (reading from bottom to top in loading table).
The net distribution in each tank and the c.g. position aft of the datum is then given in Table
3, from which,

Moment due to fuel = 1700 x (-52 .1) + 6 87 x (-3.7) + 1313 x(49.9) -25593 lb in

Adding this moment to the 'aircraft moment less fuel',

Total aircraft moment = 6527 - 25593 = - 19066 lb in
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TABLE 2
Sequence of Fuel Distribution

Tank Weight of fuel (lb) Cumulative total (Ib)

Aft 1208 1208

Forward 1208 2416

Centre 456 2872

Forward 492 3364

Centre 231 3595

Aft 105* 3700

" Balanceoffuel(<1152lb)

TABLE 3

Net Fuel Distribution

Tank Weight of fuel (lb) C.g. aft of datum (inches)*

Forward 1208 + 492 = 1700 (31468)/(-604) =- 52.1
Centre 456 + 231 = 687 (1040)/(-281) = - 3.7

Aft 1208 + 105 = 1313 (- 57485)/(-1152) = 49.9
moent

" Equalt 2 from any case of each tank in loading table of Appendix GWeight

Thus

total aircraft moment 19066
CGx = AUW = 1 = - 1.03 inches

CGx
XCH = - r = 0.09 ft

The model is now ready to be run. Note that the commands TIT, PAR, and FUN are
used interactively to read in modifications to statements (such as the value of XCH),
already read in non-interactively through the command lines in BOMMP.IN.

:SAKfINGS6
MAX BLK NO. = 500

MAX NO. OF: I & TI BLKS, U BLKS, F BLKS = 100,25,25

SEA KING - HOVER - 3000 ft - ASW MODE - 19200 lb AUJW
*TIT
TITLE (LIMIT 60 CHRS)
SEA KING - 40 kn - ISA, SEA-LEVEL - ASW MODE - 18500 lb AUW

9



*PAR

PARAMETERS

BU(, P1, P2, P3

252,0.09 Aircraft c.g, position - XCH (fl)

*WUN

BU( ND. - 51 Set aircraft forward velocity (U's)

OXWF PAIRS

0,0

OODPAMR OOOOE00500, .OOOOE+00) DE1EM

500, 67.512 Nfote: 40 kfl- 67.012 ft/s

____D PAIR ( 5.00005402e OO000E400) D51E1=

700, 67 .512

miX NO. - 80 Set aircraft height (fl)

CO) PAIRS

0, 3000

OOO PAIR OOOO0E0500, 3.00005+03) DEUMM~

500,200

OOOPAIR (5.00005+02, 3.OOOOE+03) 1)5EEM

700,200

BK NO. -

M!EL CCWIT

DnTWpARM6; log uppmR, Ina~AL - 0, 70 0,0.0 2

*OUT

0/P BIAS

A

0/P PARM; % CHMM MGM, UnVAL -0.0001,100

tI0G3: 2WI M

*STO

CON~, PAR, FuN, (IR ALL

-G2TRIMI

MODJEL I/P ETWV 1 t:TFIMAMCI)
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*LOG1: ThIl_0

BL=C( O/P T0 1031:TRI1.DAT

*GOE

TRU-U.DATr NOT t2N DSK
** NRJIW,1 **

TRM.HEL NCEr CN U6K

(3) (Ft) (Ft/n) (Knot$)

Tie Alt RoC/D Aeed Slip %Torq

.0 3000. -. 3 -. 0 -. 00 90.

%oltv %CYclic

F-A Iat

-94.31 -25.06 -2.49

A.S.E. Channel:
PITCH - On

IPOL - On

YAW - Cn

ALT HOLD - RAD

A.S.W. Moe
TRWN

(Cycic Trim - NE
.0 3000.. -. 3 -. 0 -. 00 90.

1.0 3000. -48.8 -. 1 .12 80.

2.0 2998. -198.1 -. 2 .23 73.

3.0 2994. -292.0 -. 1 .17 77.
4.0 2989. -323.0 .0 .19 79.

5.0 2983. -316.5 .3 .26 82.

698.0 200. -.0 40.0 -.00 44.

699.0 200. .0 40.0 -. 00 44.

700.0 203. -.0 40.0 .00 44.

RUN CPU TIMl 13 Min. 21.53 Sec.

*RET

*STO

TRIM1.zD NO)T CN DSK

(C, PAR, FUN, CR ALL : A

*EXI

Fortran program executed STOP statement 0
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In the example above, model output was displayed on the terminal screen every I
second. If desired, the user may adjust the output time interval, which is the first parameter
of Blk 240. If no output to the screen is desired the parameter of Blk 99 is set to zero.

After running the model, the following five files are created:

FROMAN.OUT - Record of user input commands

DATA.CHD - Output of data read from DATA.HEL

TRIM L.CHR - Debugging information

TRIM1DAT - Output data - used as input to TRANS

TRIM1.MOD - Model file

For multiple runs, FROMAN.OUT may be concatenated with BOMMP.IN (after
deleting the MANual command), and used to run the model completely non-interactively.
DATA.CHD (see Appendix H) echoes the data read in from DATA.MEL. TRIM1.CHR
contains debugging information if the DEBug command is used; otherwise it is empty.
TRIMI.DAT is the output data from the model run, and is used as input to program
TRANS in order to obtain tabular or plotted results. The example below on using TRANS
prints the pitch attitude (Blk 282) and torque (Blk 212) to the screen.

:TRANS
[17RAM. vexsin datte 11--tOR-86]

I/P FILENME - Tua.a

SEA KFIG - 40 kn - ISA, SEA-IVEL, - ASW M - 18500 lb AETL

I/P FILE ON 12-Jan-87 AT 16:04:39

MINN INT - .0000E+00; IV CPU TIME - 13 KIN 21.53 SEC.

TIM ERC .0000E+00 TO 7.0000E+02 IN STEPS CF 1.0000E+02

*TIM

TIM PARS; I UPPER, lN1VAL - 0,700,700

*PRC

PRINTIN3 IN C1U 4S

auKS
282,212

IS O/P TOT TY RCM Y
*GOE

STine Blk#282 Blk#212

• 00E+00 4.35E+00 8.99E+00

7.00E+00 4.94E+00 4.43E+00

*EXI

12
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As a consequence of the RETain and STOre commands entered prior to terminating the
above run of SEAKING86, the file TRIM1.MOD represents the updated model with
integrator initial conditions set at terminating values. The file can therefore be used in this
case, following minor modifications, as the starting point for trimmed flight at 18500 lb
AUW, 40 kn (67.512 ft/s) forward speed, and 200 ft altitude (nominally sea-level for
atmospheric conditions). The modifications required are to the aircraft set forward speed
(Blk 51) and set height (Blk 80) function blocks, which need to be set to maintain the
aircraft at constant velocity and height. This may be done either interactively or simply by
editing TRIMI.MOD appropriately to include in the FUNctions section:

51

.OOOOE+00 6.7512E+01

5.OOOOE+02 6.7512E+01

80

0000E+00 2.OOOCE+02

5.0000E-02 2.0000E+02

5.3 Standard Manoeuvres

The Sea King Model may be flown in any of three standard modes, Le. ASW, ASE, or
pilot mode. In ASW mode, the flight control system flies the aircraft, stabilizing it in roll,
pitchand yaw, while holding a given heading and altitude. In ASE mode, the pilot flies the
aircraft while the flight control system stabilizes the aircraft in roll, pitch, and yaw. In pilot
mode, the pilot flies the aircraft with no input from the flight control system.

In the previous section, it was shown how to obtain an 'ASW' model file, starting from
one of the master files. However, this model file has many parameters which have deviated
from a zero value during the trimming procedure. A program called SKMODE is available
to make these values zero and/or change the mode from ASW to ASE or pilot mode. An
example is shown below on how to use SKMODE to obtain model files for each of the
three modes, creating model files 18ASW.MOD, 18ASE.MOD, and 18PIL.MOD.

naxX FILE (A .H=H F'l) :KnF1

MNXEL FIE RFJIXn= (ASWASE,PIL OR ALL) : ALL

C0UTPf FILE (AKNOCE .NW FILE) : 16

??ASW.MD TITLE :SK KIG - 40 kn - ISA, SK&-LKVKL - ASW NODE - 16500 1b AW

OUPU FILE (A MME .D FIE) : 18AsZ

??ASE.MCD TITLE :SKA KING - 40 ka - ISA, SEA-LEVEL - ASK MODE - 16500 lb AUR

OUTPUT FILE (PIlOT MDE .KID FIE) : 1SPIL

??PIL.M3D TITLE :SKA KING - 40 kn - ISA, SEA-LEVEL - PILOT MOD - 16500 1b AVW

Examples of how to use these model files are shown in the following sections.

5.3.1 ASW Mode

In Section 5.2, the ASW mode was used to 'fly to trim', ramping the aircraft set
forward speed and height functions over a 500 second time interval from 0 to 40 kn and
3000 to 200 ft, and then over a further 200 second interval to stabilize the trim. It can be
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seen from Figure 1, which shows the timing of the flight control system in ASW mode,
that this trim case does not represent a realistic segment of a true ASW manoeuvre. The
example now given for the ASW mode represents the 'transition down' phase and is
realistic.

Firstly, BOMMPJN is edited, replacing 19ASW with 18ASW:

:LIST BONNP.ZN

1=: 18ASKI

PAR

flu

HEIGHT
max enby height Stx

fSe hovert

height

62a 16s. 16.a 62s

Fig. I Timing of Flight Control System in ASW Mode

Assuming the aircraft begins the transtion 1 s after beginning the run, the set forward
velocity and height function blocks in the model ifie 18ASW.MOD should be modified as
shown directly below, either interactively when running SEAKING86 (as done in the
example below) or by editing:

51

.OOOOE+0O 6.7512E+01

1 .00000 6.7512E+01

7.9000E+01 .OOOOE+00

5 .OOO0E+02 .OOOOE+00

80

.OOOOE+0O 2. 00005402

1.0000E+00 2 .OOOOEs-02

6.3000E+01 4.OOOOE+O1

5.000013+02 4. OOOOE+01
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The model is now run:
:SEAKZNG86

MAX BU( M. - 500

MAX NO. OF: I & Ti BLKS, U BLKS, F BULS - 100,25,25

SEA ING - 40 kn - Iv,, SEA-LEVEL - ASK MIE - 18500 lb AU
*TIT

TITLE (IMIT 60 alPS)

SZA KiNG - TRANSZTION DOm - ASW 3ODZ - 18500 lb AUK

EUNVI'ES:

BLK NO. - 51
COOFV PAM:

0,67.512

00) PAIR ( .0000E400, 6.7512E+01) DEEM

1,67.512

79,0

500,0

COOPD PAIR ( 5.0000E+02, 6.7512E+01) DELEW

ELK NO. - 80

COORD PAMES

0,200

WORD PAIR ( .0000E+00, 2.0000E+02) E

1,200

63,40

500,40

COOK) PAIR ( 5.00005+02, 2.0000E+02) GERM

m.L NO. -

MODEL CC1I4IEE

*I"NT

flTGNPAR*S; IONEF, UPPER, INE-AL- 0,90,0.02
*OUT

o/P BLKS

A

O/P PARAS; % CANGE REQD, INTERVAL - 0.0001,0.5
*LOG3 :TRDWNM

MODEL O/P TO I=cG3:TRDW.f4D

*STO

15



TTDW .MOD NOT C(1 DSK

CN, PAR, FUN, aR ALL : A

*'LOG2: TRDWN_I
!MmDE I/P nM I=:TFVM.M-W

*LOGI: TfDlO
BLOCK O/P 70 IMG:TFE.DAT

*GOE

T1t.DAT NT aN DSK

** I44IN **

T .HEL NOT CN DSK

(s) (Ft) (Ft/m) (xyts)

Ti-e Alt RWZ/D Speed Slip %Toxq

.0 200. -. 0 40.0 .00 44.

%Colctv %yclic

F-A Lat

-120.86 -7.42 -5.70
A.S.E. Charnzels
PITCH - On
PrU - C-

YAW - Cn

ALT HOLD - RAD

A.S.W. Mde

TRAN

(C Clic Trim - EG]

.0 200. -. 0 40.0 .00 44.

1.0 200. -. 1 40.0 -. 00 44.

2.0 200. -49.9 39.9 -. 10 43.

3.0 198. -99.9 39.8 .12 39.

4.0 196. -125.1 39.7 .30 40.

5.0 194. -132.8 39.5 .27 39.

88.0 40. -3.2 -1.9 -. 45 84.

89.0 40. -2.7 -1.9 -.45 84.

90.0 40. -2.3 -2.0 -.43 84.

RUN CPUTIlE I Min. 52.46 Sec.

*EXI

Fortran program executed STOP statement 0

16



As can be seen above, after 90 seconds the aircraft has completed the transition but is
not yet in a trimmed hover. This could be achieved by running for a further period (e.g. 50
seconds).

5.3.2 ASE and Pilot Modes

Flying the model in ASE or pilot mode is much more difficult than ASW mode, because
the user must input commands similar to those input by the pilot on a real Sea King. Since
the user usually has had no helicopter flying experience and the model does not give good
cues, it is difficult to 'fly' the model in ASE mode, and extremely difficult in pilot mode.
However, the model may be more easily 'flown' in these modes by reading control inputs
obtained from flight data (see Ref. 12). When flight data is not used, the method used to
'fly' the model is the same for both ASE and pilot modes.

The method used is a trial-and-error one, where the control inputs, namely the cyclic
stick positions (Blks 56 and 60), collective stick position (Blk 81), and the pedal position
(Blk 72), are changed from integrator to function blocks. The position of each control is
then input at specific times and the model is ran. The results can then be observed and the
control positions adjusted to give the desired results.

In the Sea King, a stick 'beeping' facility is used to trim the aircraft when flying in ASE
mode, this being the recommended mode for normal flight. In the model, this facility may
be used by first changing the following switches into function blocks:

Blk77 - S FWD

Blk 78 - S AFT

Blk 67 - S STBD

Blk 68 - S PORT

The model can then be flown with small inputs via the beeping. When any particular
block has a value of one, the beeping is turned on, while a value of zero turns the beeping
off. For more information on the aircraft systems see Ref. 7.

6. CONCLUDING REMARKS

One of the consequences of taking a number of years to develop and then validate a
useful mathematical model such as the Sea King one, is that by the time the process is
concluded, the software methodology is out-of-date. Greater priority is then likely to be
given to gaining a return on the investment in the form of practical applications of the
model, rather than in rewriting the code. The simulation language CSMP-10(ARL) was
developed in-house at a time prior to other more suitable languages such as ACSL
becoming available at economic rates. The decision to continue using the model within the
framework of a now dated language, and to transfer the model from the obsolete DEC
System 10 to the Elxsi 6400, has necessitated adequate documentation in the form of these
user manuals.
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APPENDIX A

Files on Tape M228

The following files are on Sequence I of magnetic tape M228, under the pathname
'SEAKINGMASTERFILES':
/atmos /CablePlot/cabxtr.o /ixteg. 0
/atros . f /CablePlot/CUEEX /min2 f

/atm3roe0 /Cab1ePlot/CUBE.o /vain2 .o

/A7nvS.O~r /Cah1ePot/N=.GRA IMJW6. f
/BnWOOW /CablePot/P17CB.F /tajw6 .o

/nB4LM/CablePlot/PIIVA.o /pilot. f
/nSAIG/CablePlot/SONRJWX /piloyt.o

/b1ladn.f /CablePlot/SCNIMo /ptivre. f

/bladin.o /ch~mpr. f /Ptine.o

/Wv/ch~or.o /READThPE
/BMe'.L1B.0 /cm-pa.f /SEAKING86
/cabgen.f Ica"p.o /SKa86.f
/cabgen.o /cmrpb.f /SK&86.o
/cable. f /Csmpb.o /Srfc83.f
/cable.o /Cap-c.f /SIrc83.o
/Cable~lot Icarpc.o /Saiie
/CabJlePlot/B3nXaWA /dmsr.f /sftndle.f
/CablePlot/CABGRIA /IUSE~.lib.o /Saode.o
/CMbAePkotIQWG~.F /duser.o /sKs86f

/OablePlot/cabgxa.o /fcheck.f /K8.
/CablePlot/cabplot /fchock.o /vfluid.f
/Cabl3~ot/cabactr.f integ.f /vfluid.o

.The following fles are on Sequence 2 of magnetic tape M228, under the pathname
'seakingflles':
/16600.HEL /Refine/NotchFiter.f /PSefine/nextra .0
/l6AM.Mw /Refine/NotchFilter.o /Rfine/Su87 .f
/17800A1EL /Rafine/PreNotch.f /Reffrne/TSub87 .0
/17AS8.PD /1Refine/PreNotch.o /Trans
/19200 .HE /Refine/R1.f /Trans/BVRfmM

/19ASW.icD /1Refine/R1.o /Trw)s/Ciktpr.f

/80.SCA /Pafine/R2.f /Trans/Z2*Lpr. 1
/BCZ4e. 3N /Pafine/R2.o /Trans/Chkllpr.o

/DATA.HEL /Refine/RM. /Trana/Extra.f

/ItVER.SCA, /IRefine/R3.o /Trans/Exa.1
/PWIT /Pafine/R4. f 'Trans/Extra .o

/REEATA /Pjefine/M4 o /Trans/Pnae. f

/tPnfine /Reflne/R5. f /Trans/Rnaae. I
/Refine/BXLAJ2kL /PRefine/P.5.o /Trans/Pnme.0
/tRefina/BnVEDA /Refine/R6. f /Trans/TRAKS

/Refine/CM.06 /Refine/RGo /Trans/TRANSlb. f

/Refine/Oiktpr. f /Refine/RFMI /Trans/TRANSlb.13

/Refine/Cht~pr.o /Refine/R.EFINE /Trans/TRANSlb.o

/Refine/Ding. f /Refine/REFlI.@$rR /Trans/TAMS2b. f

/Refine/Ding.o /Refine/REFIMPSIPEPLArCD /Trans/TRANS2b. 1
/Refine/LabCal /IRefine/Renarre .f /Trans/TRANS2b.o
/Pefine/abCal . f /Refine/Reaie .o /TRANS .aI

/Refine/LabCal .0 /PRefinie/Pextra. f /TB1ANS .Lr
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APPENDIX B
Data File 19200.HeI

G-32 .2, RHOA-.02199, F40-1.984. SK-M-1105.26

ISS-596. A-14162, B-49282. OC-39776, Err-10800
c983-o.823, fl5aI-0.139, "-V44k9. 950, DMVP012, 42-31. &1W7-0.0339, SIGVP.07a
T!921-0.0699, BUY-5. OMMPPA0.305, 0~3-0. 08, EK4.01903, W~-0.16
c913T-0.77, MM9T4 .72. SXGQ.T-0.224, M1-5.21, a.TLP6

EPM-2. EI-O, SMl-19.4, Mr.-21.5, STM-C, SX-102. Sf-415, S2.-318
SMLtA-7.20, OMI-1.0, ALI-. 192, MY2S-0.192, AZI-3.5, APA-4 .35
CWN.343. Caff-0.T7, COE.0.7, CaFlI.1.18, W1V-1.86

AIPMIA-0.0873, AUV-0.1047, Ey4-0.5, SA-225, S.1,-230, MeM-00

HR-7.4, 9T01015.5, Hr-4.75. ELr-36.5, EUB-l36.3, ELIV-34.4,

519-2.5, 1313-3.0, EF-1.5

TE- 'FaM(100) - 51. VA1LM

0, 3.29, 0.35, 3.29, 0.79. 2.16. 1.05, 1.95, 1.22, 1.65

1.57, 1.27

7M2 - 0FUWZ (10E) I- W=12 MMW

-0.,-0, 0. 0.08, 0.005, 2.35, 0.15, 2.35. 0.30, 0

0.50. 0

TW - 0' (iCE)' - 333 VPAIL19

0, -4, 0.26, -4. 0.44, 0, 1, 5.5, 1.57, 5.5

TBLrA - 9EMP (10E) I - M331A VALZJ6
-200, -62112.0, 0, -15528.0, 200, --62112.0

":B

CNVO-1.2, CA8-B.Oo. D-0.0467, )cAB-0.00686

MUR1j6.3. AIRM-10.75, ISaI-3.65, ffiIF~H-3.0

SFXR1T-6.3, SIMT6.0, 24M1.3, SRIGID-200.0, ZIap2.0

_qTI0 - 'PMW(10E)' N31 MUME (IrHS M - 1
0.0, 0.1. 0.1, 0.1, 0.1, 0.1. 0.1. 0.1. 0.1. 0.1

0.1

OBM- 'Ea*(OE) ' - NCM) VA11E

0, 0, 35, 1.69, 45, 2.09, 50, 2.21, 55, 2.27

65, 2.27. 70, 2.25, 80, 2.14, 85. 2.13, 105. 2.34

115, 2.36. 120, 2.30. 125. 2.20. 140, 1.67. 160. 0.77
1SO. 0

=1, - 'FCR4T(IOE)' - N=l VALVES

0. 0.66. 15. 0.77, 25, 0.76, 35. 0.67. 45. 0.52
55, 0.47. 75. 0.12, 95. 0.12. 110, -0.19. 130, -0.55

145. -0.77, 155. -0.86, 165, -0.93, 175. -0.67. 180. -0.66
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SYS
0'1-0.7469, CP2-0.37, C23=.5S (24=0.68. CP5-O.003513. CP6-0.000217

CP9-O.0541. (210-15.31. CP11=0.015. CP12.=O.013, (213-0.00001, CP14=0.0088, (215-0.00018, (216=0.154

TPI-O.07, ELAP-0.26915, ELBP-0. 02. EfLC'=0. 3054. (rP17-15.3985, (218-1.0, CP1 9=0.16

CdU-0.4626, 042-1.4, 043-0.2. 044=0.13. 045=0.007233. 046-0.000227

CF,-0.0377, al10-15.31, 04.11-0.0185. 0412-0.018, 0413-0.00014. 0414-0. r047, 0425=0.00048. 0416=0.166

0417-11.586. 0418-1.0, 0419-0.0694

TRl-o.025. TR2-O.1, TR3-1.0, ELAJ-0.26915, EIBR-0.01326. EL1R0.2909

CY1-3.916, C'f2-0.0690, CY3-09.0, (24-23.35, CY5-4.378, Cf6-2.02. (27-0.3652. (28-1.0

(28-0.22 CY10-.000371, (211-2.202. (212-1.0311, (213-165.9, MLAY-4.0, ELCt-0.3035. ELOY-0.00175

CrE.0.01064, O27-30.88, aCD-1.0, 029-0.221, 01.0005Q, 0211-100.00

O=2-0.4K6 021-273.3, 0214-165.9, 02:15-0.0, ELA'-4.0, ELO0.005077, ENN"r.3141, EuIa-0.0

0216-30.88, T-0.25, TMP-1.75, flR-0.25, MM414.1

s
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APPENDIX C

Model File 19ASW.Mod

ONIGRATIONS

SEA KIN3 - HOVER - 3000ft - ASW MODE - 19200 lb ALM

2 I 25 PSI HE 53 U 136 ;S Th71 S

3 I 26 TH EHE 54 TI 154 V GVP

4 I 27 PHI HE 55 TI 35 ;U DYT 4

5 I 38 P HE2 56 1 125 53 57; TE STK

6 1 39 ;Qmm 57 K ; S TRM RL

7 I 4U R.HEN 59 I 133 96 ; PI OT

8 I 3f U fm 60 I 128 63 57; PHI STK

9 I 36 ; V H 61 T1 134 ;PHI IT

•10 I 37 W WEH 62 T1 4 ;AU R IN

11 I 317 ; 63 U 141 ;S PH STD

12 I 28 X HEE 65 Ti 36 V DT SM

13 I 29 Y H E 66 Ti 153 V GVR

14 1 30 ; Z 0E 67 K S ST£D

23 G 11 ; CEG3A T 68 K S PORT

24 F 1 ; VIE 69 I 135 96 RI CT

25 U3 315 ;PSI DOT 70 K ;PSI RE

16 U) 25 A NOR4 71 1 110 96 ;PSI N

17 WD 25 A IAT 72 I 138 73 74; D PEDAIS

18 UD 25 A LONM 73 U 139 ;S D PD

19 U) 25 E NU 74 K ;S PEDLS

20 uD 25 ADT 75 I 140 96 ;D AUX Y

21 uo 25 ;FlI 76 K ;PSI TN

22 U) 25 ; 77 K S END

26 uD 25 ;TE DOT 78 K S AFT

27 u) 25 ;PHI DOT 79 K ;S YAW PPR

28 U) 25 UME 80 F 1 H acm

29 uW 25 V BE 81 I 142 86 87; HE C ST

30 u 25 ;WHEE 82 T1 118 ZH S4

31 U) 25 FCT 83 TI 80 HC H4

32 U) 25 CT T 84 I 113 96 Z ERI

33 Wa 25 ;E LM T 85 I 143 96 D AUX C

34 U 25 EMU T 86 U 144 SC SW

35 UD 25 ; UIIDT 87 K STCS PL

36 U 25 ; VHER Ur 88 K PrT TM

37 U) 25 ; W HER VT 89 K ;4L TSM

38 U) 25 ; P H Dr 90 K SBLABE

39 uD 25 ; Q HE DT 91 K S DOP

40 Uo 25 ; R HER DT 92 K S CAB

41 U0 25 ; AX H 94 K S BAA

42 U) 25 ; AY H 95 K S RADA

43 u) 25 ; AZ H 96 K HOLD

44 U 25 AO 97 K THE

45 U 25 XI 98 K PHI T4

46 u 25 ; 0H 99 K S CONTROL

48 Uo 25 Al 100 U2 160 U ERR

49 u 25 B1 101 U 1 100 ;UTO PL

47 U12 1 CHANIN 102 UO 100 DOP P

50 Ti 3 ;AU P IN 103 UO 100 CAB P

51 F 1 ;U CO 104 UO 100 OD BIS

52 T1 51 ;U C05 UO 100 ASW R
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106 UO 100 ; AUT RL 166 UO 160 ;THE CH
107 IO 100 ; DOP R 167 UO 160 PHI CH

108 D 100 ; CAB R 168 UO 160 THE FUN
109 UO 100 ; OLD AlS 169 iO 160 PHI FUN
110 D 100 PSI ID 170 UO 160 ;TENSN I-EL
il UO 100 AUIO YL 171 uO 160 TX H
112 UO 100 ;THETA T 172 WO 160 TY H
113 UO 100 HT INT 173 DO 160 TZ H
114 UO 100 AUTO CL 174 UO 160 ;TENSN BALL
115 Ui 100 BAD A 175 in 160 THE BALL

116 U 100 OLD TH C 176 UO 160 PHI BALL
117 iO 100 ASW P 177 in 160 U BALL
118 in 100 ZB ERR 178 UO 160 V BALL
119 U 100 ;S AUTO C 179 U3 160 W BALL

121 UO 100 ;S AUTO P 183 U6 25 ;TOR ID
122 U 100 ;S AUTOR 184 UO 183 X CH H
123 UO 100 S ATO Y 185 U 183 XF

124 UO 100 ;S KJLT P 186 in 183 X
125 U 100 ;THE MrT 187 iD 183 Z CT H
126 in 100 ;S FM H 188 U 183 ZF
127 UO 100 S AFT H 189 UO 183 Z TH
128 UO 100 ;PHI TDT 190 UO 183 Z

129 U 100 ; ST RH 191 UO 183 ; 2MMH
130 U 100 ;S P H 192 UO 183 EM FT
131 U 100 THE ERT 193 UO 183 EM QT

132 iO 100 PHI EFU 194 iD 183 EM HH

133 U 100 PI IN 195 UO 183 EM HS
134 UO 100 ; PHI TS 196 iD 183 EM TH
135 UO 100 RI 3N 197 iO 183 EM
136 UO 100 S TH ST 198 UO 183 ; OR T
137 U 100 ;S MLT R 200 U 183 WI
138 iD 100 D PED DT 201 in 183 ALPHA

139 UO 100 ;S D PD 202 UO 183 E KI
140 U 100 ;DAY DT 203 in 183 E LAMD
141 in 100 ;S PH ST 204 UO 183 QS
142 in 100 ;H CS D 205 UO 183 ; QST
143 U 100 ;D AC DT 207 in 183 ; HBLTP
144 Ui 100 ; SC ST 208 UO 183 ; EF

145 UO 100 D XB DED 209 U 183 AIPHTH
146 in 100 D SPR C 210 in 183 ; HIANF
147 U 100 BAR A 211 U 183 OCIFA

148 U 100 CLU A 212 U 183 ;T IPC
149 U 100 Z REF 213 UO 183 EL YH
150 iD 100 THE CLO 214 in 183 EL TT
151 UO 100 CII ST 215 UO 183 EL LH

152 UO 100 HT PRP 216 UO 183 EL FT
153 U 100 V OR IN 217 iO 183 EL TRF

154 UO 100 V (P IN 218 UO 183 PSI WEF
158 F 1 ;B DPTH CCM 219 iO 183 AW

159 F 1 ;C MMlE COM 220 UO 183 BIW
160 U4 25 158 14;CAB ILNGTH 22L 'A) 183 ALPHA W
161 0O 160 ; CAB VEL 222 UO 183 EF ZED

162 0O 160 ; CAB AXEL 223 0O 183 ; THETA C
163 UO 160 ;M BALL CAB 224 0X 183 ELT71M
164 D 160 ;THE CAB 225 UO 183 EL
165 UO 160 PHI CAB 226 UO 183 ENTT
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UII I I I I I , i -

227 UO 183 ENYH 301 + -290 300 ; RPM ERR
228 I 183 ; ',QLG 302 G 301
229 U0 183 ; FUS 303 G 313 ; ERR DIF
230 UO 183 ; 1TRF 304 K ;IDLE F FIX
231 UI 183 EN 305 + 304 313 ;TOT F FLW
232 UI 183 BETA 313 Ti 302 ;8FUEL FILW
233 UI 183 ; OTURMP 314 Ti 303 ; ET
234 U 183 ; TTRMP 315 W 314 303 TO82
235 Ti 19 ;E NU LAG 316 + -183 315 ; TM DIF
236 Ti 104 ;BS IG 317 G 316 ;(M DOT
237 Ti 109 AIS LAG 319 + 323 11 CM3SH
240 U10 100 99 ;ONTROL C 320 K ;DUY
241 K ;S BLADES 321 K ;S PED EM
242 0 320 ;BS UPDAT 322 G 7 ;R HEH ON 3
243 R 241 242 236; Bis RLY 323 R 321 322 7;EU3 R H
244 0 320 ;AS UPDAT 324 K ; DUMf
245 R 241 244 237; A1S RLY
246 0 320 ;TH T IPDAT PARAMTERS
247 R 241 246 112; TH T RLY 2 -2.4596E-05
248 0 320 ;M C UPDAT 3 7.5957E-02
249 R 241 248 116; 7H C RLY 4 -5.7573E-02
250 K ; W WE 5 -2.3081E-05
251 K ; PSI EE 6 -2.2543E-06
252 K ; 7 4.0773E-05
258 K ; H HOVER 8 -4.5318E-04
267 K ; T DCP 9 -2.5422E-03
269 K ; T BARA 10 4.0077E-03
270 K ; T RADA 11 2.1757E+01
272 K ; T AUTO P 12 4.4524E+04
273 K ; T AUTO R 13 -8.1356E+01
274 K ; T AUTO Y 14 -3.OOOOE+03
275 K ; T AUTO C 16 -3.2054E+01
276 G 56 ; PITCH STK 17 1.8467E+00
277 G 60 ; 1K)LL STK 18 2.4436E+00
278 G 81 ; OLL STK 19 4.2206E+01
279 G 6 ;PITCH RATE 20 4.9884E-02
280 G 5 ; R.LLRATE 21 9.9992E-01
281 G 7 ; YAK RATE 22 1.0001E+00
282 G 3 ; PITCH ATT 23 6.1270E+00
283 G 4 ; ROCL ATT 26 9.5507E-08
284 G 2 ; YAM AT 27 -1.9973E-05
285 G 201 -PTTCH VANE 28 -1.3721E-04
286 G 232 ;SSLIP VANE 29 -2.3073E-03
287 G 8 ; ICNG DCPP 30 4.1698E-03
288 G 9 ; LAT DOPP 31 6.4716E-03
289 G 14 ; RAD ALT 32 1.5678E-02
290 G 319 ; ROT RPM 33 -1.2400E-01
291 G 14 ; BAR ALT 34 5.6877E-06
292 G 243 ; BIS 35 1.6713E-04
293 G 245 ; AIS 36 -7.7081E-04
294 G 249 ; THETA C 37 2.1744E-04
295 G 247 ; THETA T 38 -5.8239E-05
296 0 294 ; THETA C75 39 -2.7446E-05
298 K 40 2.7602E-04
299 G 278 41 1.6713E-04
300 + 298 299 ; RPM REF 42 -7.7057E-04
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43 2.1362E-04 150 2.3895E-01
44 9.3214E-02 151 -9.1998E-04

45 1.9266E-01 153 -1.1473E-02

46 5.1187E-04 154 2.1204E-03

48 4.6509E-07 184 1.4564E+03
49 5.8785E-06 185 1.6210E-08

50 7.5957E-02 7.0000E-02 186 1.4564E+03
52 4.2039E-44 2.1000E+00 187 -1.9539E+04

54 -4.4191E-04 1.2400E+01 188 4.3349E+02
55 3.7602E-06 1.2400E+01 189 1.9258E+00
56 -7.4250E-02 190 -1.9104E+04
59 -1.2752E-02 191 -5.7763E+02

60 -7.3700E-03 192 6.9906E+01
61 -7.3700E-03 1.OOOOE+00 193 -1.0478E+03
62 -5.7572E-02 2.5000E-02 194 -1.0777E+04
65 7.6312E-05 1.2400E+01 195 -6.8161E+02

66 -2.6043E-03 1.2400E+01 196 2.5401E+03
69 -8 .5017E-03 197 -1. 6682E+00
71 -4.0524E-02 198 1.0478E+03
72 4.9108E-02 200 -8.4412E+01
75 1.7631E-02 201 1.6834E+00

81 2.3803E-01 202 3.8060E-06
82 .OOOOE+00 4.5000E-01 203 -6.2570E-02

83 3.OOOOE+03 4.6000E+00 204 3.0202E+06
84 5.3873E+01 205 9.0456E+04
85 1.5603E-01 208 -6.7297E+00
91 1.OOOOE+00 209 -1.5709E+00
99 1.0000E+00 210 6.0828E-05

101 2.326=-02 211 7.4571E-02
102 1.2754E-02 212 8.9864E+01
104 5. 8917E-03 213 -1.5625E+03
105 8.5206E-03 214 6.2310E+03
106 9.7203E-03 215 -4.6751E+03
107 8.5206E-03 216 1.8840E-06
109 -1.0208E-02 218 1.1234E-01
110 -2.4596E-05 219 -1.0805E-02
111 -1.7436E-01 220 4.7101E-03
112 2. 9972E-01 221 1.0033E+00
114 8.3481E-01 222 1.0000E+00

115 5.8337E-01 223 2.7222E-01
116 3.1050E-01 224 5.7773E+00
117 1.2754E-02 225 1.8300E+02
119 1.OOOOE+00 226 -4.7880E+04
121 1.0000E+00 227 -2.7449E+01
122 1.OOOOE+00 229 -6.3312E-01
123 1.OOOOE+00 231 1.7117E+01

131 7.5957E-02 232 -1.7472E+00

132 -5.7573E-02 235 4.2206E+01 3.0000E-01
133 -9.8341E-08 236 5.8922E-03 9.0000E-02
134 -7.3700E-03 237 -1.0209E-02 9.OOOOE-02
135 -5.7707E-07 240 1.OOOOE+00 2.0000E-01 1.OOOOE+00
140 -5.7478E-05 241 -1.0000E+00

143 1.6078E-06 242 -1.0731E-02
146 -2.1191E-03 244 -1.2397E-02
148 -2.5143E-01 246 2.5782E-01
149 -3.0000E+03 248 3.0243E-01
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252 -1.3000E-01 304 3.0000E+02

258 4.OOOOE+01 313 1.1629E+03 4.5000E-01

269 1.0000E-02 314 5.6518E+04 1.5068E-01

276 5.7206E+01 315 7.3745E-01 2.6255E-01

277 5.7296E+01 317 9.2600E-05

278 5.7296E+01 321 -1.0000E+00

279 5.7296E+01 322 3. OOOOE-01

280 5.7296E+01

281 5.7296E+01 FIt-TIONS

282 5.7296E+01 24

283 5.7296E+01 .OOOOE+00 .OOOOE+00

284 5.7296E+01 5.0000E+02 .0000E400

285 5.7296E+01
286 5.7296E+01 51

287 5.92498-01 .0000E+00 .OOOOE+00

288 5.9249E-01 5.0000E+02 .0000E+00

289 -1.OOOOE+00
290 4.7040E+00 80
291 -1.00OOE+00 .OOOOE+00 3.0000E+03

292 5.7296E+01 5.OOOOE+02 3.OOOOE+03

293 5.7296E+01
294 5.7296E+01 158
295 5.729,+01 .0000E+00 .0000E400

296 -6.0000E+00 5.0000E+02 .OOOOE+00

298 1.0018E-02

299 5.OOOOE-01 159

300 1.0300E+02 .0000E+00 .0000E+00

302 2.5000E+02 5.OOOOE+02 .OOOOE+00

303 4.8600E+01
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APPENDIX D

Using Program ATMOS

A description is given below on how to use the program ATMOS, which provides
density and speed of sound for given atmospheric conditions. ATMOS, together with its
Fortran source file (atmos.f) and object file (atmos.o), are available on ARL magnetic tape
M228.

The following types of atmosphere may be considered by setting the KEYAIR flag
appropriately:

KEYAIR = I ICAO standard atmosphere

KEYAIR = 2 - ICAO Sea-level conditions at all times

KEYAIR = 3 - Off-Standard ICAO atnosphere
KEYAIR = 4 - ARDU Tropical atmosphere

KEYAIR = 5 - ARDU Sea-level conditions at all times
KBYAIR = 6 - Off-Standard ARDU atmosphere

The example below shows how ATMOS can be used to find the air density and speed
of sound for conditions typicaly found during the Sea King flight trials (Ref. 12):

ATMOS

SET AMMHSPRIC FLLG, WEEIR (1,2,3,4,5 OR 6): 3

SIRE CUCULATIC, CR TABE (1 OR 2): 1

STATE ALTIT= (IN FW-): 3000

ME C CF THIE UY, MM (IN E. C): 15

GM CF HE DAY (IN MUMMOS): 1025

MIGH OF THE AIEWIM tS7O PONT, HINR: 100

The resuts are stored in file ATMOS.OUT with each column representing the following
quantities:

Column I - Altitude (ft)
Column 2 - Temperature (Kelvin)
Column 3 - Pressure (lb/ft2)

Column 4 - Density (slug/ft3)

Coluv-n 5 - Speed of Sound (ft/s)

:LIST ATMOS.OUT

3000.0 282.40 1918.64 .0021988 1105.26

If the option of a table was chosen in the above example, ATMOS would calculate the
atmospheric conditions from sea-level up to the stated altitude (3000 ft) in steps of 1000 ft.
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APPENDIX E

Second Moments of Inertia vs. AUW

A - Roll Second Moment of Inertia
B - Pitch Second Moment of Inertia
CC - Yaw Second Moment of Inertia

Second Moments of
Inertia (slug f 2)

A B CC

18000 52000 44000

B
17000 51000 43000

16000 50000 42000

A
15000 49000 41000

14000 48000 40000

13000 47000 39000

12000 46000 38000

11000 45000 37000

10000 44000 36000 L.......,.....,.......

14000 15000 16000 17000 18000 19000 20000 21000 22000

All Up Weight
(b)
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APPENDIX H
Check Data File DATA.CHD

$aer
_j -32.2000007 ,rhoa =2.37699993E-03 ,rhow =1.98399996 ,spsnd =1116.44995
,hrass =575.0 ,a =14275.0 ,b =48375.0 oc =39150.0 ,eit =10800.0
,oneane = .823000013 ,thetal -. 138999998 ,gamma -10.7600002 delta =1.20000001E-02
,r2 - 31.0 ,zetaO -3.39000001E-02 ,sigmna -7.80000016E-02 ,thsh -6.97999969E-02
,blrtn =5.0 ,ekarpa -. 305000007 ,ek3 -7.99999982E-02 0e4 =1.90300005E-03
,ekcS - .159999996 ,oemt -. 76999998 ,garat =5.0999999 ,sigmat -. 224000006
,rt - 5.21000003 ,bltl -6.0 ,fgloss -1.03999996 ,zprset =209.0 ,sbpwax - 2778.0
,grzat -6.12699985 ,eki -2.0 ,ei. =.0 sth =19.3999996 ,stv - 21.5
,strf -. 0 ,sx =102.0 ,sy =415.0 ,sz =318.0 smalla =7.1999998 ,ekth = 1.0
,alths -. 192000001 ,altvs =.192000001 ,ath -3.5 ,atv =4.3499999
,odxf - .342999994 odxyf -. 76999998 ,odzf =.699999988 ocdth =1.17999994
,cxitv - 1.86000001 ,alphal -8.73000025E-02 ,aIlphad -. 104699999 ,eff4 -. 5
,scla1. - 225.0 ,scdal -230.0 ,scnbod -5000.0 socduc -. 0 ,scdw-p =.0
,scmic - .0 saywjep -. 0 ,hr -7.1999998 hrot0 =15.5 hlt =4.75 ,elt =36.5
,elth - 36.2999992 ,eltv -34.4000015 ,htv =2.5 ,dth =3.0 hbf =1.5 kidh =1.10000002

kidhtr =1.39999997 ,kal -1.0 nrtbll =12 ,ntbl2 -12 ,ntbl3 =10 ,ntbl4 - 6 $

.OOOOE+00 3.2900E+00 3.5000E-01 3.2900E+00 7.9000E-01 2.1600E+00
1.0500E+00 1.9500E+00 1.2200E+00 1.6500E+00 1.5700E+00 1.2700E+00

-1.OOOOE-01 .OOOOE+00 .OOOOE+00 8.OOOOE-02 8.5000E-02 2.3500E+00
1.5000E-01 2.3500E+00 3.OOOOE-01 .OOOOE+00 5.OOOOE-01 .OOOOE+00

.OOOOE+00 -4.OOOOEs-00 2.6000E-01 -4.OOOOEN-00 4.4000E-01 .OOOOE+00
1.OOOOE+00 5.5000E+00 1.5700E+00 5.5000E+I00

-2.OOOOE+02 -6.2112E+04 .OOOOE+00 -1.5528E+04 2.OOOOE+02 -6.2112E+04

$Sys
,cpl -. 746900022 ,cp2 -. 370000004 ,cp3 =.5 ,cp4 -. 680000007
,cps -3.51299997E-03 ,cp6 -2.16999993E-04 ,cp9 -5.40999993E-02 ,CP10 -15.3100004
,cpll -1.49999996E-02 ,cpl2 -1 .30000002E-02 ,cpl3 -9. 99999974E-06
,cpl4 -8.79999995E-03 ,p15 -1.80000002E-04 ,cpl6 =.153999999 ,tpl -7.00000002E-02
,elap -. 269149988 ,elp -1.99999995E-02 ,elcp -. 305400013 ,cpl7 =15.3985004
,qil8 -1.0 cp19 -. 159999996 ,crl -. 462599992 ,cr2 -1.39999997
,cr3 -. 200000002 ,cr4 -. 129999995 ,cr5 -7.23299989E-03 ,cr6 -2.26999996E-04
,cr9 -8.37699994E-02 ,crlO =15.3100004 ocrli -1.85000002E-02 ,crl2 -1.79999992E-02
,crl3 -1.40000001E-05 ,crl4 -4.69999993E-03 ,crIS -4.79999987E-04
,cr16 -. 165999993 ,crl7 -11.5860004 ,crl8 -1.0 ,crl9 -6.93999975E-02
,trl -2.50000003E-02 ,tr2 -. 100000001 ,tr3 -1.0 ,elar -. 269149988
,elbr =1.32600003E-02 ,elor -. 290899991 ,cyl -3.91599988 ,cy2 =6.97999969E-02
,cy3 =89.0 ,cy4 -.23.3500003 ,cy5 -4.37799978 ,cy6 =2.01999998 ,CY7 =.365200012
,cy8 -1.0 ,cy9 -. 211999997 ,cylO =3.71000001E-04 ,cyll =2.2019999
,cy12 -1.03110003 ,cy13 =165.899993 ,elay -4.0 ,elcy -. 303499996
,elcy -1.75000005E-03 occl -1.29729998 ,cc2 -.108199998 ,cc3 -.148399993
,cc4 =1.96099996 cr-5 -2.43799996 ,cc6 -1.06399999E-02 occ7 =30.8799991
,cc8 -1.0 ,cc9 -. 221 ,cclO -5.61000022E-04 ,ccll =100.0 ,ccl2 =.646600008
,ccl3 -273.299987 ,ccl4 =165.899993 cl1 -. 0 ,elac =4.0 ,eloc =5.07699977E-03
,elrax -. 314099997 ,elmin -. 0 ,ccl6 -30.8799991 ,tnp -. 25 ,tsrrp =1.75
,tnir =.25 ,tsmr =4.0999999 $
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